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Abstract 
One of the predominant features of the human species is the desire to understand and influence the environment and the 
ability to adapt to it. These features have led humans to create complex social structures. In this complex system it is 
crucial to control, by any entity, the vital parameters for their optimal functioning, becoming exponential when referring 
to complex entities such as organizations. Due to the organizations complexity it is important to assess at an early stage its 
performance. Therefore simulators have a fundamental role in Organizational Self-awareness and help to control the 
organization’s vital parameters. Under the body of knowledge and principles of Organizational Engineering, and other 
theoretical and practical knowledge, this study proposes to highlight the importance of using simulators: i) as a 
fundamental element of organizational self-awareness, ii) to identify the fundamental elements of an organizational 
simulator Meta-Model; iii) to identify the essential elements of a simulator developed to assist in the calculation of the 
number of flying hours per year, wire driver of the Portuguese Air Force planning. 
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1. Introduction 
One of the main responsibilities of the Portuguese Air Force (PoAF) is to prepare its upcoming yearly 
activity plan in order to overcome any vulnerability. Therefore, for the entire organization to accomplish its 
mission and objectives it is necessary to make introspection about what are their capabilities and resources 
and the course of action that should be taken to attain the desired end state. This information should be known 
by all the elements of the organization and it is referred as Self-Awareness (SA).  
Nowadays the world presents itself to us more complex and more “global”, but also full of opportunities, 
disputed by a large number of organizations competing in a hostile and volatile environment, which is marked 
by technology, by optimization and information. Due to the constant market volatility, there must be an 
organizational awareness in order to be able to predict certain changes and make the right decisions on time. 
Organizational Engineering (OE) and Organizational and Design Engineering (ODE) study these problems. In 
this article, we refer some concepts of this subject in order to analyze and understand them, from the 
viewpoint of how they could help the organization. In all human activities, management is crucial, without 
management a company can go bankrupt, a family can fall apart or a person can mentally collapse. 
“Computer-based simulation has long been used to project the behavior of systems. Organizational 
simulation involves computational representations of people, their behaviors and interactions in response to 
the environment and to each other. The goal may be to predict alternative outcomes in response to changing 
conditions, or perhaps simply illustrate organizational phenomena [1]. When it comes to planning the 
management of recourses, simulating different scenarios is an advantage for the organization because it can 
view itself in the future from different perspectives. 
Greasly [2] describes simulation as “the use of a model to investigate the behavior of a business system. 
The use of a model on a computer to mimic the operation of a business means that the performance of the 
business over an extended time period can be observed quickly and under a number of different scenarios”. 
Thus simulators are important to help any organization in the preparation of the yearly activity plan and 
positively increase the SA. By using simulators, all the elements of the organization are aware about its 
current position and how it will be in the future. 
In the PoAF, the yearly activity plan states the Number of Flight Hours (NFH), per aircraft type, to be 
flown annually. The confidence level of the NFH must be very high which causes the need to test different 
scenarios and led to the development of the PoAF NFH simulator. 
The PoAF uses the metaphor Flying the Organization [3] that compares the concepts used in flying with 
the concepts used in organizations. Simulators are essential elements in the flying culture because they test the 
crew ability to respond to normal and critical situations in different contexts. Likewise, organizations should 
also use simulators to test different scenarios before developing the strategy. 
This article is structured by the following order: section 2 goes through the necessary literature to justify 
the importance that simulators have in increasing SA; section 3 focuses on the Meta-Model of an 
organizational simulator and on the PoAF NFH Simulator; section 4 presents the conclusion. 
2. Concepts and Application 
This chapter deals with the theoretical basis that will support the 3rd section. Organizational Engineering 
and Organizational and Design Engineering will be addressed as well as some key concepts directly relevant 
and necessary to demonstrate the importance of SA in organizations and the role that simulators have in 
increasing it.  
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2.1. Organizational Engineering and Organizational and Design Engineering 
To understand the concepts of OE and ODE it is important to define Organization first. An organization 
can be considered as a group of people working together to achieve a common goal. OE´s objective is to 
“provide the means to understand, measure, predict and guide human behavior both individually and in 
groups. The end objective of the discipline is to produce visible, positive results of significant consequence 
and magnitude within timeframe that is useful to the entity being addressed” [4]. 
Magalhães and Silva [5] introduced the need to “integrate knowledge from different fields and paradigms” 
in the domain of ODE, a multidisciplinary research project born at the Department of Computer Science and 
Engineering of the Instituto Superior Técnico in Lisbon, Portugal and now established at the Centre for 
Organizational Design and Engineering. ODE is defined as “the application of social science and computer 
science research and practice to the study and implementation of new organizational designs, including the 
integrated structuring, modeling, development and deployment of artifacts and people”. 
ODE joint ventures organization design (theories for interaction) with engineering (artifact development) 
both contributing for the organization and organizing as the permanent becoming of social forms resulting 
from the interactions of people, decisions and artifacts [5]. 
2.2. Self-Awareness 
This concept has been extensively studied in the context of OE and ODE and has an enormous importance 
for the organization. Before defining SA, it is important to refer that it is divided in to two dimensions: 
individual SA and organizational SA. According to [6], “SA has the objective of defining the role of the 
individual, as of those who surround him, in the organization”. This defines the individual SA dimension. 
The organizational SA dimension can be described as “the combination of human agents and robots, 
recourses and procedures in order to provide the necessary intelligence to the organization enabling it to deal 
with questions like: Who are your members? How do they work? What are they doing at the moment?” [6]. In 
order to be SA the organization must have the capability to join these two dimensions. We can say that an 
organization is SA when it possesses complete knowledge of its operation. To be SA, the organization must 
have knowledge of the functions, aspects and parameters of all its elements, as all the elements must have the 
knowledge of the environmental and operational factors necessary to achieve the organization’s mission. 
2.3. Agility, Adaptability e Flexibility 
Agility is the ability that an individual, team or organization has to sense and to respond with quick 
flexible and prudent actions to dynamic changes in their environment. The global business environment has 
evolved in such a way that being an agile organization has become essential and good practices should be 
allied to anticipated practices [7]. 
Adaptability “is the ability to change the efforts of the organizations work process when necessary 
according to changes in its situation and/or environment” [8]. The adaptability of an organization consists in 
the easiness in which it adapts with its involving environment and how it responds to changes in the 
environment that requires a different behavior of the organization [8]. 
Flexibility is a characteristic that increases adaptability to multiple scenarios. An organization must be able 
to simulate different scenarios, considering the variation of several parameters that influence its business and 
study them in order to choose and establish the best solution. By acquiring this extra information the 
organization will be able to adapt more rapidly to changes of context. This means that it is more flexible and 
that it has a greater sense of SA. Measuring the flexibility of an organization is not linear because we can´t 
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guarantee that the organization that equated more alternative scenarios is the one that is more flexible. 
However, we can assume that it will gain the most favorable conditions to succeed [8]. 
Therefore, simulation’s ability to develop and build different scenarios is essential to the flexible and 
adaptable organization. 
2.4. Simulators 
In our daily lives we are used to seeing simulation models and, therefore, this concept is familiar. For 
instance, weather forecasts daily show us simulations of the weather system where we see the movement of 
weather fronts over the days ahead [9]. So what does the term simulation mean? There are several definitions 
for simulation between which we can mention [10] that says “simulation is the process of designing a 
computer model of a real system and experimenting with this model in order to understand its behavior 
and/or evaluate the best strategy to operate the real system”. Computer aided design (CAD) system provides 
imitations of production facility designs and a business process map is an imitation of a business organization. 
All of the examples mentioned can be described as a simulation in its most general sense. There is, however, a 
key difference between CAD imitations and the example of the metrological simulation. The metrological 
simulation involves the passage of time. The second set of examples presented doesn’t involve the passage of 
time. Hence there is a difference between the concepts of a static simulation, which imitates a system at a 
point in time, and a dynamic simulation, which imitates a system as it develops through time [11]. 
There are many descriptions that outline the key processes in simulation. Landry [12] defines 4 key stages 
in a simulation study: a conceptual model that consist in a description of the model of the “real world” 
problem that is to be developed; a computer model that represents the simulation model implemented on a 
computer; Solutions and/or understanding derived from the results of the experimentation; and an 
improvement of the real world (the simulators objective) derived from implementing the solutions and/or 
understanding gaining [12]. 
To sum up this section on simulators it is important to consider one final aspect concerning the nature of 
the use of simulation. There are some modeling approaches used for example in mathematics that have the 
objective of providing optimum answers (e.g. linear programming) or near optimum answers (e.g. heuristic 
methods). However, this is not the primary propose of a simulation model. Robinson states “that a simulation 
simply predicts the performance of an operation system under a specific set of inputs. For instance, it might 
be the average waiting time for telephone customers at a call center when a specific number of operators are 
employed. It is the job of the person using the simulation model to vary the inputs (number of operators) and 
to run the model in order to determine the effect. As such, simulation is an experimental approach to 
modeling, that is, a “what-if” analysis tool. The model user enters a scenario and the model predicts the 
outcome. The model user continues to explore alternative scenarios until he/she has obtained sufficient 
understanding or identified how to improve the real system. As a consequence, simulation should be seen as a 
form of decision support system, that is, it supports decision-making rather than making decisions on behalf 
of the user” [9]. 
2.5. The Portuguese Air Force Mission and Business Rules
A business model of an organization, consisting of business rules, must be able, within and outside of the 
organization, to answer the following main organizational questions: Who are we? What do we do? And, 
whom do we do it for? Attached to these main questions the business model must also be projected to answer 
questions like: How do we generate value to the costumer? How do we create revenue in this business? And 
how can we offer value to our client? 
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In the PoAF there are a number of documents: directives, dispatches and permanent rules of 
implementation that can be considered business rules applicable to the operation. 
The PoAF´s mission is defined in the Organic Law for the Portuguese Air Force (LOFA) [13] and responds 
to the main business rule questions. According to internal Directives, to fulfill the mission defined in LOFA, it 
is imperative that the PoAF establishes a yearly NFH. Due to the importance that the NFH represents to the 
PoAF´s annual planning, it is essential that its formulation is clear to the entire organization in order to have 
Organizational SA at the core of the construction of the yearly planning. If there is SA at this level, everybody 
will know how the NFH is planned and everyone can make a constructive contribution. 
3. The Organizational Simulator Meta-Model and its Integration with the PoAF NFH simulator 
In this section, we will describe: i) the design of the organizational simulator Meta-Model; ii) the 
fundamental elements of the PoAF NFH simulator ; iii) the integration of both, in order to demonstrate the 
applicability of the Meta-Model and to justify that the selected key components of the PoAF NFH simulator 
are the right ones. It is important to mention that the PoAF NFH simulator exists, as a project tool for this 
research, and has been used by the Air Staff in the planning of the 2010-2012 NFH. 
To conclude this section we will provide the information that shows validation of the efficiency of the 
NFH simulator. 
3.1. Organizational Meta-Model 
A Meta-Model is a simplified abstraction of the reality in order to simplify reality´s complexity. The Meta-
Model created in this research work is an organizational simulator Meta-Model. To be valid a Meta-Model 
must be transversal to all organizations. The Meta-Model that will be presented was projected in order to 
serve as basis for the construction of an organizational simulator for any organization.  
The essential input elements that any simulator should contain must take in account the following four key 
organizational vectors: staff (who produces); logistics (what resources are consumed to produce); operational 
(the product produced that adds value); and financial (the budget that exists to produce) [14]. A simulator, as 
referred in 2.4, must be built in order to predict the performance of an operation system under a specific set of 
inputs. Therefore, in order to generate different scenarios, it must also have the input of planning units. There 
should also be a risk element. 
Taking in account the key organizational vectors mentioned in the previous paragraph the simulator Meta-
Model must represent and combine the effects of each element allowing for scenario building and testing. The 
following lines describe the essential elements of the simulator Meta-Model [14]. 
• Financing: This element represents the available budget to produce a product or service. It could serve as 
an input field where we can establish a certain budget and from it generate a plan or the simulator could 
provide an output representing the financial impact inherent to the execution of a determined plan. 
• Planning Units: This element represents the products or services that are planned to be achieved and 
should indicate the recourses (anything that involves direct costs) that are consumed by the achievement of 
the plan. This field is used to test various scenarios and study their impact. 
• Expenses: This element should contain the monetary value used in producing the product or performing 
the service (all costs including direct investments). In this field are introduced all the amounts of the 
expenses involved in implementing a specific plan. With this information it is observable where more 
funds are being used and with this knowledge it is possible to try to reduce these expenses. 
• Revenue: This element represents the monetary value that will be received by selling the product or 
service. This field serves to study the way to elaborate the plan in order to maximize profit. 
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• Risk: This element is reserved to place an input allusive to an amount of an uncertain funding. In this field 
you can place a certain amount of funding that might be available, according to extra information that we 
might have, although there is no absolute certainty of its occurrence. If the risk is considered low it is 
advantageous to place this value in the input financing since it is possible to prepare a more complete plan. 
Fig. 1. Meta-Model of the Organizational Simulator [14]  
The organizational simulator must enable the interaction between each one of the elements; it must be 
user-friendly, precise and accurate; it should be as close to reality as possible; it ought to have the ability to 
provide various information (several fields of output); it should contribute positively to increase SA; it must 
be enabled to show differences when fields are changed; and it must generate strategic information in order to 
reduce decision time. 
3.2. The Fundamental Elements of the PoAF NFH Simulator 
The Meta-Model describes the structure upon which the PoAF NFH simulator should be built on. 
However, as the simulator already exists, we will demonstrate, by integrating it with the Meta-Model 
represented in figure 1, that it has all the essential components. 
The NFH is undoubtedly one of the key components of the PoAF NFH simulator. The effective calculation 
of the NFH will result in a value of Flight Hours (FH) to be flown by each air unit. So there must be a column 
for each one of these elements. The whole logic of the simulator will be developed through this input and by 
its variation the simulator will be able to generate various scenarios. 
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An internal Directive describes the automatic calculation of the Cost of the Flight hour (CFH) [15,3]. The 
CFH formula includes all the costs relative to the aircrafts FH. For the simulator some cost that the CFH 
formula includes are not necessary, so the formula that is important to consider is the operational CFH 
formula. Santos [18], describes the operational CFH formula as “the costs directly associated with the 
operation of the PoAF´s aircraft, where are included the costs associated to pay the personal directly 
involved in flying and maintenance of the aircraft, fuels and oils, and the maintenance of the aircraft 
themselves (parts, damages, revisions, modifications & accidents)” [17,3]. For the NFH simulator the costs 
for paying personal are not taken in account because the research conducted concluded that human resources 
are remunerated whether the aircraft fly or not, therefore this value is irrelevant when analyzing different 
scenarios.  
The PoAF is a governmental organization. Therefore, the State is responsible for funding its operation. For 
the NFH simulator only the monetary funds used in the fulfillment of the NFH plan should be considered. The 
planning of the PoAF NFH revolves around the financial component, since if it doesn’t have enough funding 
to carry out the NFH plan, or expectation of having it, it cannot be fulfilled. The financing of the operational 
part (accomplishment of the NFH) of the PoAF is intended to pay off the costs that are directly related to its 
implementation. The PoAF simulator must contain the components of the operational FHC formula as the 
following information: it must contain the financial information of the direction responsible for the 
maintenance of the aircrafts (DMSA - Aircraft Maintenance Directorate), as the price of the maintenance of 
each FH per aircraft, and the direction responsible for the Fuel (DAT – Transportation and Supplies 
Directorate), as the price of the fuel used in each FH per aircraft. 
The operational CFH formula, considering all these elements, is shown in (1), the simulator must contain 
all the information of the upper elements of the division. 
NHV
CDMSACDATlCFHOperationa +=   (1) 
In addition there are two other sources of revenue by which the PoAF can recover the money consumed in 
the FH. One of them is the payment of the FH of certain missions by external entities and the other is extra 
availability of funds by the state so the PoAF can perform extraordinary missions (FND - National Deployed 
Forces). By projecting FH of external missions the PoAF can reintroduce funds in its financing this is 
important because in previous years studding these projections resulted in the PoAF´s involvement in 
exercises such as ATALANTA and FRONTEX. Both these exercises increased external support FH and, as a 
result, the PoAF´s received more revenue. 
Risk can be generally defined as the probability of the occurrence of some adverse events. The element 
risk in the NFH simulator is a placeholder for an input relative to an uncertainty in the amount of funding. 
Depending on the degree of uncertainty of that value being granted or not, the risk is classified from low to 
high. Depending on this classification a decision can be made on whether to include this value or not in the 
scenario, if the risk is high it mustn’t be assumed and cornerwise. 
The actual PoAF Simulator is a static calculation sheet represented on a Microsoft Excel® spreadsheet and 
it contains all the above mentioned elements. 
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3.3. From the Organizational Simulator Meta-Model to the PoAF NFH Simulator 
Following the previous sections, the integration of the Organizational Meta-Model entailed defining the 
fundamental elements of the PoAF and its application into the PoAF NFH simulator, as shown in Fig. 2. 
Fig. 2. PoAF NFH Simulator Fundamental Elements [14]. 
This integration demonstrates not only the applicability of the organizational simulator Meta-Model but 
also shows that the simulator used by the Air Staff contains the essential elements. So because of this 
integration an according to [14] the Meta-Model displayed in figure 1 contains all the elements considered 
cornerstones and fundamental for the construction of an Organizational Simulator of any organization [14]. It 
should be noted that the component financing has been identified as a decisive factor in the planning and 
implementation of the NFH. The objective of the integration of the organizational simulator Meta-Model with 
the NFH simulator is to serve as a theoretical basis for the implementation of the NFH simulator, as a support 
tool, in the PoAF’s doctrine of formulating the NFH plan, adding agility, flexibility and adaptability to it 
which will increase the level of SA of the organization. 
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3.4. Validation 
In order to validate what was written in this article it is important to mention that the model of the NFH 
simulator was used by the Air Staff in the formulation of the 2010-2012 NFH. The NFH simulator was widely 
used for testing a variety of scenarios, which allowed a more rapid response in terms of decision support, a 
reduction of the time needed to make the decision and a quicker implementation of the adjustment 
mechanisms intended for the correction of the strategy. Records show that the ratio between the NFH planned 
and executed rose from 94.5% in 2009 (year in which the NFH simulator was not used) to 97.9% in 2010 
(year in which the NFH simulator was used for the first time) and to 99.8% in 2011. Considering the financial 
crises context and the uncertainty of various factors of the NFH plan, the Air Staff built three scenarios 
considering: i) an optimal configuration of the organization; ii) an intermediate configuration limited by the 
financial resources; iii) a minimum configuration that will require extreme decisions to overcome limitations. 
4. Conclusion 
It is fundamental to clarify the strategy we have in our “organizational cockpit”, the “flight plan” of the 
path that we must take and a “road map” showing us how to follow the path. The use of the NFH simulator 
approached the ratio between the number of FH planned and executed nearly to 100%. Therefore the 
existence of a NFH simulator in the “organizational cockpit” is essential to clearly define the “flight plan” to 
be followed.  
This article demonstrates the importance of the use of simulators by organizations, specifically their use by 
the PoAF. The use of simulators is an important subject that should be considered by the entities that 
contribute to the operational dimension of the PoAF, in order to serve as a decision support system. It is 
important to notice that the NFH simulator is a tool of great significance for the PoAF organization and its use 
is necessary both to support decision making and to increase the organizations SA. Nowadays it is essential 
that all the integrating elements of an organization are aware of the goals that the organization establishes and 
all these elements should know the answers to the following basic questions: what do we do? Answer (A) - 
Mission; where are we going? (A)- Vision; which is the path to be taken? (A)- Goals & Strategy; how do I 
help? (A)- Role of the individual and his contribution to the whole. People, who are the fundamental elements 
of an organization, most of the times have vague notions of these elements and therefore do not see beyond 
their sphere of responsibility; they do not realize what they do or how their contribute helps the organization 
to accomplish the mission in other words they don´t understand their role in the strategy of the whole. As the 
yearly planning of the PoAF rotates around the NFH plan, it represents “the path to be followed” in order to 
achieve the mission, the better this path is planned the better will be the organizations SA. With a tool of this 
capability the organization, as well as all its individual elements, become aware of its capabilities, resources 
and how to use them properly. Therefore we can conclude that a simulator of this “path” is necessarily an 
essential element to increase the organization’s SA. 
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